Purpose To evaluate whether sperm preparation (swim-up technique) before freezing improves the percentages of sperm motility, sperm viability, and non-apoptotic spermatozoa after freezing-thawing process compared with preparation after cryopreservation. Methods Semen samples from 65 infertile males were equally divided into two aliquots one of which was processed for swim-up prior to cryopreservation and one of which was processed following cryopreservation. Sperm count, motility, and apoptosis index were measured in each group. Result (s) The total sperm count and the total motile sperm count decreased after thawing in both the pre-preparation and non-preparation groups compared with neat semen group (P<0.001). Moreover, the percentage of apoptotic sperm in the pre-preparation group after cryopreservation was lower than that in the non-preparation group (P<0.05), whereas the percentage of vital sperm with progressive motility was higher than that in the pre-preparation group (P<0.001). Conclusion (s) Semen preparation by swim-up before freezing resulted in better sperm quality and fewer apoptotic sperm than sperm preparation after thawing. Therefore, sperm preparation before cryopreservation should be considered in routine sperm cryopreservation.
Introduction
The technology of assisted reproduction has been rapidly developed, especially in the last decade. Couples who would not have had the opportunity to conceive in the past can have a child using this technique. The cryopreservation technique offers the opportunity for an infertile couple to preserve their gametes for a period [1] . Male patients suffering from cancer and requiring chemotherapy for treatment, for example, can store their sperm for future fertility application by using sperm cryopreservation prior to chemotherapy [1] . Moreover, donor semen, which is frequently used by many infertile couples in situations with male factor problems such as severe oligospermia and azoospermia, need to be evaluated for sexually transmitted disease before utilization, so they would require cryopreservation for storage during that period [1, 2] .
During cryopreservation, the dramatic physical and environmental changes of sperm detrimentally affect the sperm membrane, resulting in a large increase in the percentage of poorly motile sperm or sperm with abnormal morphology [2] [3] [4] . The negative effects relating to rapid decreases in temperature, such as osmotic injury, cellular dehydration, intra-cellular ice crystal formation, and oxidative stress, also lead to damage to sperm DNA, chromatin instability and DNA denaturation [4] [5] [6] [7] [8] . Therefore, the reproductive outcome following fertilization with the sperm containing the damaged genetic material may be poor [8] [9] [10] . In cases where pregnancy is achieved using this sperm, the risk of abortion is increased because of the damaged genetic material in the sperm [11] .
Sperm preparation methods, e.g., the swim-up or gradient techniques, have been commonly used as part of infertility treatment, especially male factor-caused infertility [12] . The preparation of sperm aims to select normal spermatozoa to improve sperm quality prior to utilization. In abnormal seminal semen, previous studies suggested that sperm preparation can increase the percentage of normal morphological and motile sperm, leading to an increased success rate of assisted reproductive treatment in either IUI or ART [13] . Although semen analysis indicated normal results, a number of abnormal spermatozoa or leukocytes could be identified in the sample. Those cells generated reactive oxygen species (ROS), which can penetrate through the sperm plasma membrane and initiate intrinsic ROS formation inside the spermatozoa, causing sperm damage, e.g., DNA fragmentation [12, [14] [15] [16] [17] [18] [19] . After cryopreservation of spermatozoa, the percentage of abnormal spermatozoa in regards to motility, morphology, and DNA integrity significantly increases after freezing-thawing process [2, 19, 20] . Therefore, the preparation of post-thawed spermatozoa is most commonly performed for selecting the best quality of spermatozoa and discarding the cryoprotectant media before use for IUI or fertilization in IVF. Previous studies demonstrated that sperm preparation after cryopreservation can decrease the percentage of abnormal spermatozoa and increase the good motile spermatozoa [4, 5, 20] .
The goal of sperm cryopreservation is to preserve a high number of post-thawing surviving normal sperms [21] . Maintenance of original pre-freezing structural integrity, viability and fertilization potential are also fundamentally required in post-thawing sperm [1, 22] . For sperm cryopreservation, several factors, such as the pre-frozen sperm quality baseline, freezing and thawing method, and cryopreservative medium, and volume of cryopreserved specimen, have been previously demonstrated to be the crucial factors relating to post-thawing sperm outcome [2, 7, 21, 23, 24] . Several attempts have been made to improve cryopreservation techniques and media, leading to the improvement of cryopreservation [6, 21, 22, 25] . Notably, the quality of ejaculated semen is also related to the outcome of cryopreservation. For example, dead spermatozoa or leukocytes in pre-freezing semen detrimentally affect the sperm survival rate and the fertility potential after thawing through the ROS generation process [6] . A number of studies have demonstrated that supplemental addition of antioxidative to cryoprotective medium, e.g., ascorbate or catalase, minimize DNA damage and preserve sperm integrity; however, the benefit of these supplementations is still debated [25, 26] . In this study, we hypothesized that sperm preparation before freezing, compared with sperm preparation after freezing-thawing, would improve post-thawed sperm, i.e., sperm motility, sperm vitality and non-apoptotic sperm.
Materials and methods
Semen samples were randomly collected from 65 husbands who attended an infertility clinic. Written informed consent was individually obtained before recruitment into the study. Consent forms and protocols were approved by the Siriraj Ethics Committee. Exclusion criteria included abnormal semen analysis according to the World Health Organization (WHO) guidelines [27] , currently active sexual transmitted disease (HIV, syphilis, and hepatitis B) or genital tract infection (active prostatitis or urethritis), and semen collected from surgical sperm recovery techniques.
The semen samples were collected by masturbation, after an abstinence period of 3-5 days, and they were then kept in sterile containers. After semen liquefaction at room temperature, semen analysis was measured manually and automatically. Specifically, sperm count and motility were analyzed by computer-assisted semen analysis (CASA), whereas sperm morphology was evaluated using a manual method. At the same time, small aliquots of semen were analyzed for sperm apoptosis by flow cytometry. Subsequently, the semen was divided into two aliquots according to 2 different protocols of sperm preparation and cryopreservation (Fig. 1) . The first protocol involved sperm preparation using the swim-up technique before freezing, whereas the later protocol described the sperm preparation after freezing-thawing. The final processing of semen in both groups was then analyzed for sperm apoptosis, sperm concentration and sperm motility using the same techniques.
Computer-assisted semen analysis (CASA) Sperm quality analysis was performed using the Sperm Analysis System version 12 IVOS (Hamilton Thorne Biosciences, MA) for all samples in this study. In brief, a 10 μl semen sample was dropped on both sides of the sperm analysis chamber for automatic analysis. With CASA, at least 200 sperm were evaluated regarding sperm concentration, sperm motility and different variable sperm motions, including sperm movement (rapid, medium, slow, static), average path velocity (VAP), straight line velocity (VSL), curvilinear velocity (VCL), amplitude of lateral head displacement (ALH), straightness (STR=VSL / VAP) and linearity (LIN=VSL/VCL). The CASA settings followed the manufacturer's instruction.
First protocol: sperm preparation before freezing (SBF)
In this protocol, the best sperm were selected using the swimup technique before cryopreservation with the liquid nitrogen vapor technique. In brief, 0.5 ml of fresh semen was diluted in 1 ml of sperm preparation medium (MediCult, DK) before being centrifuged at 300 g for 10 min. After discarding the supernatant, 1 ml of sperm preparation medium was gently added on top of the pellet and then incubated at 37°C in 5 % CO 2 in air for 30 min. Then, the medium on the top was collected and gently diluted with a small amount of sperm freezing medium (MediCult, DK) until reaching a ratio of 1:1 (V/V). Subsequently, the sperm suspension was loaded into two 500 μl straws. According to the liquid nitrogen vapor protocol [2] , both straws were kept at 15 cm above the liquid nitrogen in a parallel position to the surface of liquid nitrogen for 30 min until cooling down to −80°C and then were plunged into liquid nitrogen for cryostorage at −196°C for a week. In the thawing procedures, both straws were taken out of liquid nitrogen and thawed by running through tap water for 10 min followed by maintenance in a 37°C 5 % CO 2 incubator for 10 min. Next, the media inside both straws were transferred to a 5-ml tube for further sperm washing. Finally, the thawing sperm samples were analyzed by flow cytometry and CASA.
Second protocol: Swim-up preparation afterfreezing-thawing (SAFT)
In the second protocol, the semen aliquot (0.5 ml) was frozen in liquid nitrogen vapor and then was prepared by the swimup method after thawing. In brief, the second aliquot of semen (0.5 ml) was gently diluted with a small amount of sperm freezing medium until reaching a ratio of 1:1 (V/V) and a total volume of 1 ml. Then, the sperm suspension was loaded into two 500 μl straws. Both straws were frozen by using a liquid nitrogen vapor technique and were thawed after being kept under liquid nitrogen for a week. Both freezing and thawing methods were performed as the first protocol. After thawing, the thawed semen from both straws was transferred to a 5-ml tube and was diluted with 2 ml of sperm preparation medium. After centrifugation at 300 g for 10 min, the supernatant was removed, and sperm preparation medium was gently added on top of the pellet. Then, the tube was transferred to an incubator for storage at 37°C in 5 % CO 2 for 30 min. Finally, the suspension medium on the top level was collected and analyzed by CASA and flow cytometry in the same manner as the other protocol.
Flow cytometric analysis
To assess viable sperm, apoptotic sperm and necrotic sperm among the samples, an Annexin V/PI binding Assay (Annexin V-FITC Apoptosis Detection Kit I; BD Pharmingen, USA) was used for supravital staining in this study. Briefly, the semen sample was washed twice with phosphate buffer saline (PBS) and was resuspended in 1X Annexin V binding buffer at a concentration of 1 x 10 6 /ml. The cell suspension was aliquoted into 100 μl in a 5 ml polystyrene tube. To stain the sperm, 5 μl of Annexin V-FITC (5 μg/ml) and 5 μl of PI (50 μg/ml) were added in the sample and gently mixed thoroughly until becoming homogeneous. After incubation at 25°C for 15 min in the dark, 400 μl of 1X Annexin V binding buffer was added into each tube and slightly mixed. All samples were analyzed by flow cytometry within 1 h. The results were categorized into four types of spermatozoa. First, non-apoptotic sperm or a viable sperm were considered live cells with no translocation of membrane PS and no PI binding and, as such, h demonstrated no fluorescence emission (AN-PI-). Second, early apoptotic sperm, which included live cells with translocation of membrane PS and no PI binding, presented green fluorescence (AN+PI-). Third, late apoptotic sperm, included dead cells with translocation of membrane PS and PI binding, displayed a combination of green and red fluorescences (AN+PI+). Lastly, necrotic sperm, which included dead cells with no binding with annexin V but contact PI, displayed only red fluorescence (AN-PI+). To evaluate the fluorescence signals of the labeled spermatozoa, a FAC Scan flow cytometer (BDB, CA) equipped with a 15 mW argon ion laser that operates at 488 nm was used in this study. In this assay, twocolor flow cytometric analyses of green and orange fluorescence were used to detect Annexin V-and PI-labeled spermatozoa. Logarithmic green fluorescence (480-530 nm) was measured in the FL-1 channel, whereas orange fluorescence (580-630 nm) was evaluated in the FL-2 channel. A minimum of 10,000 spermatozoa were examined for each assay at a flow rate of less than 100 cells/s. The sperm population was gated using 90°and forward-angle light scatter to exclude debris and aggregates. The percentage of the mean fluorescence and the positive cells mentioned above were evaluated on a two-color dot plot using Cell Quest software (Becton Dickinson Biosciences, USA).
Statistical analysis
Statistical analysis was performed with SPSS for Windows 13.0 (SPSS, Inc., IL). All data are presented as the Mean±SD. The normality of each reference was tested by the KolmogorovSmirnov normal distribution test. A repeated measure ANOVA was used for data analysis and post-hoc analysis was performed using Bonferroni multiple-comparisons test to assess statistical significance. A value of P<0.05 was considered significant.
Results
Sixty-five semen samples were included in this study. The results indicated that the mean age of the male partner in the infertile couples was 33.2±4.3 years old. The baseline characteristics of the semen analysis according to the WHO criteria and all parameters are shown in Table 1 .
The results of sperm analysis in both the post-treated and pre-treated spermatozoa groups are illustrated in Table 2 . The cryopreservation resulted in a significant reduction of the mean values for total sperm count and total motile sperm when comparing the neat semen group and either the SBF or SAFT group. For the sperm motility, SBF (99.5±2.3 %) or SAFT (93.9±7.9 %) improved the percentage of highly motile spermatozoa compared to those in the untreated fresh sperm (53.0±11.0 %, P<0.001). The mean percentage of progressive sperm motility in SBF, however, was higher than that in the SAFT group (P<0.001). Despite the fact the values of VAP, VSL, VCL, STR and LIN of spermatozoa in the neat semen group was significantly lower than those values in the SBF or SAFT groups, the ALH group differences were not significant.
The comparison of apoptotic sperm among the neat semen, SBF, and SAFT groups is presented in Table 3 . The percentage-rate of non-apoptotic spermatozoa in the neat semen group is similar to that of the SBF group (65.2±4.3 % and 64.5±18.0 %, respectively), whereas the percentage-rate of the non-apoptotic spermatozoa in the SAFT group (38.4± 18.6 %), which was prepared after cryopreservation, was decreased compared with the neat semen group as well as the SBF group (P<0.001 and P<0.001, respectively; Fig. 2A ). Individual interpretations and plots are presented on the graphs in Fig. 2B . According to the percentage of nonapoptotic spermatozoa, the majority of non-apoptotic spermatozoa were improved in the SBF group but not in the SAFT group compared with the neat semen group. Individual variability, however, were observed in all groups.
Although the percentage-rate of total apoptotic spermatozoa in the SBF and SAFT groups was higher than that in the neat semen group (32.3±16.9 %, 51.6±16.6 %, and 24.4± 11.1 %, respectively), the percentage-rate of total apoptotic spermatozoa in the SBF group was decreased compared with the percentage in the SAFT group (P<0.001). Regarding necrotic spermatozoa, the results in the SBF group indicated a significantly lower percentage-rate of necrotic spermatozoa than in the SAFT group (P<0.001), whereas the percentagerate in pre-freezing necrotic spermatozoa in SBF was nearly similar to the pre-freezing group value (Table 3) .
Discussion
The present study aimed to evaluate if sperm preparation before cryopreservation enhances post-thawing sperm survival. Although pre-frozen sperm quality, especially sperm preparation prior to freezing, has been studies [18, 22, 28] , the effects of sperm preparation before freezing on the postthawing sperm quality, as part of optimizing sperm recovery, especially with regards to apoptosis, have not been established yet. Previous studies were only focused on the effect of cryopreservation in sperm when comparing fresh sperm and post-cryopreserved sperm [18, 22] . The advantages of prefrozen sperm preparation have been demonstrated in the previous studies, but the relevant experiments were designed to compare sperm preparation and a "no treatment" control group [28, 29] . In general, post-thawing sperm, after cryopreservation, is routinely prepared during either sperm washing or sperm selection to discard dead sperm or cryoprotectant media. To identify the benefits of sperm preparation prior to sperm cryopreservation, sperm preparation after cryopreservation, as a control for the experiment, is required. In this study, the effect of sperm preparation on post-cryopreserved sperm was evaluated when comparing sperm preparation before and after cryopreservation. Regarding sperm motility, the results indicated improvement of progressive motile sperm and curvilinear sperm velocity after swim-up both in the SBF group and SAFT group.
These results suggest that sperm selection by swim-up is capable of selecting a good motile sperm in either fresh samples or post cryopreserved sperm. The total sperm count and total motile sperm count, however, were significantly decreased compared with the initial pre-freezing sperm. These findings are in accordance with the studies by Esteves [22, 28] . The lower sperm count could be explained by cryopreservationinduced sperm damage. Poorly motile sperm and dead sperm were discarded, and only good motile sperm were selected by [30] . Moreover, detrimental effects of freezing on spermatozoa have been reported, such as sperm mitochondria damage and sperm tail abnormality [2, 31] . These lead to abnormal movement of sperm after cryopreservation, and these poorly motile sperm were eliminated by the swim-up technique. Notably, progressive sperm motility in the SAFT group, however, was significantly lower than that in the SBF group, suggesting sperm preparation prior to cryopreservation enhances post-thawed sperm motility. The explanation for this finding may relate to sperm washing selection of the sperm with good motility (e.g., resistant to cryoinjury) and elimination of the other components in semen (i.e., ROS, leukocytes, bacteria, etc.) that affect the post-thawing sperm outcome [12, [16] [17] [18] [19] 30] . The percentages of sperm motility in the static, slow velocity, and medium velocity subgroups of the SAFT group were higher than in the SBF group. These results may indicate that the cryopreservation of the semen components and unprepared sperm negatively affected the post-thawing outcome. Although sperm preparation was performed after thawing in the SAFT group, the final postthawing sperm outcome in the SAFT group (the percentage of progressive sperm motility) was still not as good as that in the SBF group. In this study, the effect of cryopreservation on the plasma membrane was evaluated by Annexin V/PI using flow cytometric analysis to evaluate the percentage of apoptotic sperm. The specific binding of phosphatidylserine (PS) can be distinguished by using fluorescent dyes and other stains by a flow cytometer, which could detect cell apoptosis. Therefore, the technique is definitely very helpful for evaluating sperm viability and function after cell injury [32] . In addition, one of the most sensitive and widely used techniques to detect early cell death is "apoptosis detection" [33] . The results indicated apoptotic sperm were obviously detected in both groups. This suggests that the freezing and thawing processes could induce sperm injury, eventually leading to apoptosis [6] . Although the percentage of apoptotic sperm dramatically increased in both groups, the number of apoptotic sperm in the SBF group was significantly lower than in the other group, suggesting an advantage of sperm preparation prior to freezing. Freshly ejaculated spermatozoa may be damaged by oxygen radicals originating from seminal leucocytes and damaged spermatozoa [12, 17] , such that the stress caused by the cryopreservation procedure may add to damage already inflicted by free oxygen radicals [6, 30] . Therefore, the application of SBF, which eliminates seminal plasma, cellular debris, leukocytes, and amorphous material, as well as immotile and dead sperm, should improve the survival rate of sperm after cryopreservation. Indeed, the results of this study confirmed that SBF provides a lower post-thawing apoptotic sperm percentage than SAFT.
In this study, staining with annexin V, together with PI, was used to detect apoptosis. A modification of the lipid architecture as a translocation of PS from inner to outer leaflet of the plasma membrane results in positive staining by annexin V, which is a very early sign of apoptosis [34] [35] [36] . In the present study, annexin V-positive stained spermatozoa was categorized as apoptotic sperm, whereas staining with PI indicated early apoptotic sperm (annexin V negative/PI positive) or late apoptotic sperm (annexin V positive /PI positive). Nonapoptotic sperm were negatively stained for both annexin V and PI. Dead sperm or necrotic sperm were positively stained only for PI. However, Martin et activation, in an experiment involving treatment of sperm with the calcium ionophore A23187 [37] . It is still unknown whether calcium ionophore induction of PS externalization interacts with calcium-depending binding of Annexin V leading to non-specific results. Indeed, several studies still use Annexin V as a method for detecting early apoptosis of sperm [32, 34, 38] . An Annexin V magneticactivated cell sorting recently has been used as a new tool to select sperm in assisted reproduction, and this technique has been demonstrated to improve the pregnancy rate in ICSI [35, 36] .
SBF displayed an advantage in apoptosis prevention. The outcomes of pre-preparation in post-thawing sperm with both SBF and SAFT, however, were most likely limited by low sperm concentrations or a low number of total motile sperm. When there is poor semen quality, an extremely low postthawing sperm count would be obtained after swim-up; therefore, it is most likely not appropriate to use the technique is such cases. Notably, for couples who undergo in vitro fertilization (IVF) or intracytoplasmic sperm injection (ICSI) using sperm freezing, this sperm preparation before cryopreservation technique might be useful for sperm storage for obtaining good post-thawing sperm. Before using post freezing-thawing spermatozoa, additional Sperm washing step should be carefully performed to discard the remained cryoprotectants in these sample. However, the current study did not evaluate other parameters (such as sperm capaCitation, DNA integrity, and acrosome reaction) or other sperm functions (e.g., fertilization ability of post-thawed sperm). This lack of further investigation represents a limitation of this study, these parameters and functions should be evaluated in a future study.
Conclusion
Sperm preparation by swim-up before freezing improves sperm quality, including progressive motility, viability, and less apoptosis, compared with preparation after thawing. In semen cryopreservation, sperm preparation before sperm cryopreservation should be considered.
